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Abstract  
We have developed a steel sheet coated with a TiOx/SiO2 
catalyst in an attempt to apply the titanium dioxide as a 
photocatalyst to the material of equipment removing viruses 
from the air. We found that the newly-developed TiOx/SiO2 
catalyst had little expected photocatalytic activity of 
titanium dioxide, but instead, had non-photocatatlytic 
antiviral activity.  
The TiOx/SiO2 catalyst was found to produce hydroxyl radicals 
without UV-irradiation, which were considered to contribute to 
the non-photocatalytic antiviral activity, and exhibited an 
ability to absorb viruses.  
The newly developed non-photocatalytic catalyst would 
provide applications of antiviral activity without using 
UV-irradiation.  
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1. Introduction  
Titanium dioxide (TiO2) is known for its chemical stability, 
photocatalytic characteristic, durability and antimicrobial 
activity, which could be attributed to its crystal structure 
(Chung et al., 2009; Dědková et al., 2014). Titanium dioxide 
occurs in three basic modifications, anatase, rutile and 
brookite, which have different photocatalytic properties. 
Anatase has a higher photocatalytic activity than other 
modifications, and therefore, it is more widely used (Chen et 
al., 2009; Dědková et al., 2014). Titanium dioxide absorbs 
photons in the UV range with wavelength less than 388 nm and 
evolves a reactive oxygen species by reacting with water and 
oxygen adsorbed on the surface of TiO2 nanoparticles. However, 
the promising application has some limitations, due to the fact 
that the UV region occupies only approximately 4% of the full 
solar spectrum. Because 45% of the energy belongs to the visible 
light, the remaining spectrum range belongs to infrared and 
long-wave radiation (Dědková et al., 2014; Fujishima et al., 
2000). 
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      The photocatalytic properties and the application of the 
photocatalysis of water were reported by Fujishima and Honda 
(1972), and this activity was soon exploited both for the 
ability to catalyze the oxidation of pollutants (Carey et al., 
1976; Frank et al., 1977) and the ability to kill microorganisms 
(Matusnaga et al., 1985; Matsunaga et al., 1988). The removal 
of viruses and other pathogens from drinking water and the 
environment in general is important for the maintenance of 
health and well-being of society (Liga et al., 2011).  Epically, 
anatase is widely used as an additive to paints, commercial 
materials, construction materials, and self-cleaning 
materials, for degradation of organic pollutants, etc.  
Biological activity such as antibacterial activity or 
cytotoxicity of titanium dioxide has been described in many 
studies (Dědková et al., 2014; Lin et al., 2003; Lopez et al., 
2002; Grinshoum et al., 2007; Rincon et al., 2003). It has been 
observed that TiO2 can interact with cancer cells, bacteria, 
viruses, or algae under UV irradiation (Dědková et al., 2014); 
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however, few investigated the effect of antiviral activity of 
the titanium dioxide catalyst on human viruses. 
During the evaluation of the antiviral activity of titanium 
dioxide, we found that a newly developed TiOx/SiO2 catalyst has 
a non-photocataytic antiviral activity. The study reported here 
demonstrated that the TiOx/SiO2 catalyst was able to generate 
hydroxyl radicals without UV-irradiation and the exhibited 
viral inactivation could occur by degrading viral envelope 
structural proteins and absorbing viral particles. 
 
2. Materials and methods  
2.1. Viruses  
The human influenza virus strain used in this study was H3N2 
(A/Philippine/2/82), which was provided from Chiba prefecture 
Institute of health. Ten–day–old embryonated chicken eggs were 
inoculated with the H3N2 influenza virus, incubated at 35.5 ºC 
for 48 h, chilled overnight, then amniotic fluid was collected 
and stored at -80 ºC until use. Sindbis virus strains AR339 used 
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in this study was provided by the National Institute of 
Infection Disease (Tokyo, Japan). The virus was propagated in 
primary chicken embryo fibroblasts, then passed several times 
in Vero cells and used as a laboratory stock. Viral titers were 
determined by plaque assays using monolayers of Vero cells. 
Briefly, Vero cells were seeded onto 6-well plates up to 90-95% 
confluency, treated with an inoculum containing serial 10-fold 
dilutions of the Sindbis virus, and incubated under 
methylcellulose overlay containing DMEM (Dulbecco’s Modified 
Eagle Medium) supplemented with 10% FCS for further 3 days at 
37 ºC in 5% CO2.   
2.2. Hemagglutination (HA) assay  
HA titers were determined according to the hemagglutination 
assay method. Two-fold serial dilutions of 25 µl viral 
supernatants were made across U-bottomed 96-well plates. 
Further 25 µl of sterile phosphate-buffer saline (PBS; pH7.4; 
Sigma-Aldrich) was added into each well, and 50 µl of 0.5% 
chicken red blood cells were dispensed into each well, and the 
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plate was tapped gently and incubated at room temperature for 
30 min to observe hemagglutitination.  
2.3. Immunoblotting  
The protein extracts were electrophoresed on 10% sodium 
dodecyl sulphate-polyacrylamide electrophoresed gels 
(SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF).  
Membranes were washed with 0.1% Tween 20 in TBS, and incubated 
with the primary antibody (rabbit anti-SIN polyclonal antibody, 
1:500) overnight at 4 ºC for immunoblotting. Then, PVDF 
membranes were washed again, incubated with a 1:2000 dilution 
of horseradish-peroxidase-conjugated IgG Envision+ (Dako, 
Carpinteria, CA, USA), as a secondary antibody, for 2 h at room 
temperature. Finally, the membranes were incubated with 
enhanced chemiluminescence+ (ECL+) horseradish peroxidase 
substrate solution included in the ECL+ Kit (GE Healthcare UK 
Ltd, Chalfont St Giles, UK). Protein bands were visualized by 
exposing the membrane to Hyperfilm (GE healthcare UK Ltd).   
2.4. RT-PCR 
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The viral RNA was extracted using a QIAamp Viral RNA kit 
(QIAGEN, Tokyo, Japan), according to the manufacturer’s 
instructions. The one step RT-PCR kit (QIAGEN) was used to 
detect a 654-bp fragment of Sindbis virus nsp1-4 regions. Each 
PCR reaction was performed in a volume of 25 µl and contained 
2.5 µl of cDNA, 2.5 µl of PCR buffer, 10 mM dNTP (Tokyo, Japan), 
10 pmol of each primer, 1.5 mM MgSO4 and 0.5 µl of Taq DNA 
polymerase (Tokyo, Japan). The conditions of PCR included 
initial denaturation at 94 ºC for 5 min followed by 35 indicated 
cycles of denaturation at 94 ºC for 30s, annealing at 50 ºC for 
30s and elongation at 72 ºC for 30s. Final elongation was 
performed at 72 ºC for 5 min. The resulting PCR products were 
electrophoresed on 1.8% agarose gels and stained with ethidium 
bromide.    
2.5. Analysis of ROS by ESR spin-trapping technique  
The production of ROS was detected by ESR (Electron 
Paramagnetic Resonance) spectroscopy. 5, 
5-dimthly-4-phenly-1-pyrolline-N-oxide (DMPO, 8.80 mM; 
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labotec, Tokyo, Japan) was used as the spin trap. The test 
mixtures (300 µl) containing 15 µl of DMPO were contacted with 
samples and transferred to flat quartz cell in the cavity of 
the ESR spectrometer. Hydroxyl radical was analyzed by an ESR 
spectrometer connected to a WIN-RAD ESR Data Analyzer (Radical 
Research, Tokyo, Japan), and the results were expressed as the 
signal intensity relative to manganese oxide.  
2.6. Preparation of TiOx/SiO2 catalyst on Al-Zn alloy-coated 
steel sheets 
Aqueous solution containing ammonium titanyl oxalate, 
aluminium phosphate and titanium dioxide was applied onto the 
surface of Al-Zn alloy-coated steel sheet of 0.2 mm in thickness, 
then dried at 400 ºC in a furnace for 90s(Japan patent 
No.3817603).   
The Al-Zn alloy-coated steel sheet covered with the TiOx/SiO2 
catalyst was used to study the inactivation activities of the 
catalyst for viruses. Al-Zn alloy-coated steel sheets with the 
TiOx/SiO2 catalyst (T+) and Al-Zn alloy-coated steel sheets 
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without the catalyst (T-) were cut into pieces of 3×3 mm
2
. The 
steel sheet were irradiated with UV-A at intensity of 3mW/cm
2
 
for 24 h, incubated with PBS solution for 30 min, washed with 
water, and dried.  
Surface morphology of the TiOx/SiO2 catalyst on the surface of 
steel sheet was studied using scanning electron microscope (SEM, 
Model Quanta 250 FEG).  
2.7. Treatment of Sindbis virus by TiOx/SiO2 catalyst on Al-Zn 
alloy-coated steel sheets  
 In order to observed the effect of UV-irradiation on the 
TiOx/SiO2 catalyst, the steel sheets with the catalyst (T+U+) 
or without the catalyst (T-U+) was irradiated with UV-A at 
intensity of 0.3 mW/cm
2
 for 24 h. Two ml of Sindbis virus solution 
(5.0˟105 PFU/ml) was directly applied onto the surface of the 
TiOx/SiO2 catalyst covering Al-Zn alloy-coated steel sheet (T+) 
or Al-Zn alloy-coated steel sheet (T-), which was incubated in 
a 6 cm dish to prevent dry-up. After incubation of indicated 
periods, virus was recovered by washing with 4 ml of PBS solution. 
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Titers of Sindbis virus were determined by plaque assays using 
monolayers of Vero cells.   
2.8. Treatment of influenza virus by TiOx/SiO2 catalyst on Al-Zn 
alloy-coated steel sheets 
The influenza virus (A/Philippine/2/82) solution in a 
volume of 0.5 ml was contacted the surface of the TiOₓ/SiO2 
catalyst covering Al-Zn alloy-coated steel sheet (3˟3 cm2), and 
incubated at 37 ºC. Immediately or after 5, 10, 30 min or 1 h, 
virus was recovered by washing with 6 ml of PBS solution. The 
recovered virus solution was immediately titrated by HA assays. 
 
3. Results  
3.1. Morphology of the TiOx/SiO2 catalyst  
We have developed a TiOx/SiO2 catalyst in an attempt to 
prepare a steel sheet coated with titanium dioxide using silica 
as a binder. The steel sheet coated with the photocatalyst was 
supposed to be used as a material for removing virus from the 
air.  
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The surface morphology of the TiOx/SiO2 catalyst on Al-Zn 
alloy-coated steel sheet was studied using scanning electron 
microscope (SEM). As shown in Fig. 1, clusters of nanosized 
particles were distributed on the surface with crack and void.   
3.2. Non-photocatalytic antiviral activity of TiOx/SiO2 
catalyst  
The photocatalysis of titanium dioxide has been shown to 
exhibit antimicrobial activity, but few had been reported for 
human viruses. To test the antiviral activity of the TiOx/SiO2 
catalyst for enveloped human RNA viruses, the effect of the 
TiOx/SiO2 catalyst on the titer of Sindbis virus as a model of 
enveloped human RNA virus were examined by treating viruses  
with the catalyst for 5, 10, 20, 40 min or 1 h. As shown in Fig.2, 
viral titers were found to dramatically decline when treated 
with the TiOx/SiO2 catalyst on Al-Zn alloy-coated steel sheet. 
However, unexpectedly both the catalysts irradiated with UV-A 
irradiation and non-irradiated showed antiviral activities at 
the same level. No significant differences were observed 
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between the irradiated and non-irradiated (Fig. 2), contrary 
to the expected effect of UV-irradiation on the TiOx/SiO2 
catalyst.  On the other hand, the titers of Sindbis virus 
contacted with Al-Zn alloy-coated steel sheet without the 
TiOx/SiO2 catalyst remained more than 1.5˟10
5
 PFU/ml by 1 h. The 
results indicated that the TiOx/SiO2 catalyst on Al-Zn 
alloy-coated steel sheet exhibited antiviral effect without 
UV-irradiation. Furthermore, supposed photocatalytic activity 
of the titanium dioxide contained in the catalyst proved to be 
absent. 
     To examine if the non-photocatalytic antiviral activity 
of the catalyst is dependent on the amount, the titers of Sindbis 
virus treated on the TiOₓ/SiO2 catalyst of various amount on 
the Al-Zn alloy-coated steel sheets were determined. As shown 
in Fig. 3, the non-photocatalytic antiviral activities were 
dependent on the amount of the TiOx/SiO2 catalyst. Moreover, 
significant differences of antiviral activity among the amount 
of catalyst were observed by 5 min.   
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3.3. Effect of catalyst on viral enveloped proteins and viral 
RNA  
To determine the antiviral activity of the TiOx/SiO2 
catalyst can be attributed to the degradation of the viral 
particles, the proteins extracted from the Sindbis virus 
treated with the TiOx/SiO2 catalyst were analyzed by 
immunoblotting with antiboady for Sindbis virus envelope 
proteins. As shown in Fig. 4A, the amount of viral envelope 
protein treated with the TiOx/SiO2 catalyst for 45 min was much 
less than the control at a ratio of 0.1, suggesting that the 
90% of viral envelope proteins were degraded or absorbed to the 
TiOx/SiO2 catalyst. 
Partially degraded viral particles not absorbed on the 
surface of the catalyst should be recovered and are assumed to 
still retain the viral RNA genome. Therefore, comparing the 
amount of recovered viral envelope protein and recovered viral 
RNA, the amounts of absorbed viral particles, recovered viral 
particles that are partially degraded but still retaining viral 
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genome, and intact viral particles can be estimated. To this 
end, the virus solution contacted with the catalyst was analyzed 
for quantification of the viral RNA by real-time 
reverse-transcription PCR to detect the viral RNA genomes which 
were not degraded or not absorbed by the catalyst. As shown in 
Fig. 4B, the amount of viral RNA in the virus solution recovered 
after treatment with the TiOₓ/SiO2 catalyst was 60% of the 
control, recovering at least 60% of the treated viral particles 
was still retaining viral genome. The results indicated that 
at most 40% of the viral particles were absorbed to the catalyst 
or degraded completely, 10% was intact, and at most 50% was 
partially degraded by the catalyst. 
3.4. Generation of hydroxyl radicals by TiOx/SiO2 catalyst  
The antiviral activity of non-photocatalytic titanium 
dioxide is due to the hydroxyl radicals generated. To see if 
the hydroxyl radicals could be produced by the TiOx/SiO2 
catalyst in the absence of UV-irradiation, the ability of the 
catalyst to generate oxygenated hydroxyl radicals following the 
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reduction of oxygen was measured by applying 300 µl of buffer 
solution containing 5, 5-dimethyl-1-pyrrolone-N-oxide (DMPO) 
onto the TiOx/SiO2 catalyst on Al-Zn alloy-coated steel sheet 
for 2 min. As showed in Fig. 5, the typical four-line signal 
corresponding to the adduct of hydroxyl radical with DMPO 
(DMPO/H2O•) was detected, confirming the generation of hydroxyl 
radicals. Then, inactivation and removal of viruses by the 
TiOx/SiO2 catalyst could be attributed to adsorption of the viral 
particles to the catalyst and hydroxyl radicals generated 
non-photocatalyticcally. 
3.5. Antiviral activity of non-photocatalytic TiOx/SiO2 
catalyst on non-woven cotton  
The non-photocatalytic antiviral activity could be useful 
for removing viruses from the air, for example, as a filter. 
To this end, non-woven cotton which was soaked in the TiOx/SiO2 
catalyst and dried at room temperature was developed. To examine 
the antiviral activity of the non-woven cotton coated with the 
newly developed TiOx/SiO2 catalyst, the antiviral activity of 
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the catalyst against influenza virus was determined by HA assays. 
As shown in Fig. 6, the TiOx/SiO2 catalyst on non-woven cotton 
decreased the titer of influenza virus. The efficiency was 
compatible with the TiOx/SiO2 catalyst on steel sheet, as most 
of the viruses were killed in 5 min.  
 
4. Discussion  
In the present study, we investigated the 
non-photocatalytic antiviral activity of the newly-developed 
TiOx/SiO2 catalyst on Al-Zn alloy-coated steel sheets as well 
as on non-woven cotton. Inactivation of viruses by the catalyst 
was considered to be primarily due to the hydroxyl radicals 
generated by the catalyst and absorption to the TiOx/SiO2 
catalyst. 
The absorption of virus to the newly developed TiOx/SiO2 
catalyst was attributed to the approximately 40% of the ability 
of removing virus. The surface structure of the catalyst with 
crack and void was assumed to enhance the absorption. Jafry et 
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al. reported that absorption of viruses onto the silica-doped 
titanium was dependent on the amount of silica (Jafry et al., 
2011). Zhang et al. reported that TiOx/SiO2 hydrosols had an 
absorption capacity which was stronger for cationic pollutants 
rather than anionic ones (Zhang et al., 2009). Thus, the status 
of viral particles may affect the efficacy of removing virus 
by absorption with the catalyst. 
 The inactivation of the virus with the newly developed 
TiOx/SiO2 catalyst on Al-Zn alloy-coated steel sheet was 
independent of the UV-irradiation. As the TiO2 particles coated 
with metallic or nonmetallic oxides lose photocatalytic 
activity (Ishibai et al., 2006), TiOx/SiO2 catalyst might have 
lost photocatalytic activity due to silica. 
Although the newly developed catalyst had little 
photocatalytic activity probably due to the silica, the 
catalyst still had ability to produce hydroxyl radicals. The 
hydroxyl radicals were considered to cause the degradation of 
viral envelope proteins contacted with the catalyst. The 
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absorbed viral particles were supposed to be also degraded by 
the hydroxyl radicals generated by the catalyst. The absorption 
of viral particles to the catalyst can result in greater 
exposure to the hydroxyl radicals leading to degradation of the 
viral particles. 
The precise mechanism underlying non-photocatalytic 
activity of the TiOx/SiO2 catalyst remained to be unresolved. 
We postulated that the catalyst should be made of TiOx/SiO2 
amorphous catalyst with positive holes where electron trapping 
by silica might occur. 
In conclusion, this study demonstrated the 
non-photocatalytic antiviral activity of the newly-developed 
TiOx/SiO2 catalyst, which generated hydroxyl radicals without 
UV-irradiation, providing evidence for the antiviral effect of 
the newly developed catalyst against other common pathogens.  
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Legends  
Fig.1 The SEM images of TiOx/SiO2 catalyst on Al-Zn alloy-coated 
steel sheet (˟5000). 
Fig.2 Non-photocatalytic antiviral activity of TiOx/SiO2 
catalyst 
Two ml of Sindbis virus solution (5.0˟105 PFU/ml) was exposed 
to the TiOx/SiO2 catalyst on Al-Zn alloy-coated steel sheet with 
UV-A irradiation (T+U+) or without irradiation (T+U-), or as 
controls, on Al-Zn alloy-coated sheet with UV-A irradiation 
(T-U+) or without irradiation (T-U-). The titers of recovered 
viruses were determined immediately, 5, 10, 20, 40 or 60 min 
after the exposure to the catalyst. The mean values of 
triplicated experiments are shown. Error bans indicate the 
standard errors. 
Fig.3   Weight-dependent antiviral activity of the TiOx/SiO2 
catalyst 
Fifty µl of Sindbis virus  (1.0˟105 PFU/ml) was exposed to the 
TiOx/SiO2 catalyst of 0.4 g/m
2
 (A), 1.0g/m
2
 (B) 3.0g/m
2
 (C) or 
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3.6 g/m
2 
(D). The titers of recovered viruses were determined 
0.5, 5, 15 or 45 min after exposure to the catalyst. The mean 
values of triplicated experiments are shown as the titers of 
the applied virus were 1. Error bans indicate the standard 
errors. 
Fig.4 Effect of TiOx/SiO2 catalyst on the viral envelope proteins 
and viral RNA  
(A)Sindbis virus was exposed to the TiOx/SiO2 catalyst for 
45 min. The proteins extracted from the recovered viruses were 
subjected to immunoblotting using antiboady for Sindbis virus. 
The amount of the protein was estimated by the intensity of the 
band. The ratio indicates the ratios of the envelope protein. 
The amount of the envelope protein from Sindbis virus incubated 
on Al-Zn alloy-coated steel sheet for 45 min was calculated as 
1.  
(B)Sindbis virus was exposed on the TiOx/SiO2 catalyst for 
45 min. The RNA extracted from the recovered virus was subjected 
to RT-PCR. The linear PCR amplification was confirmed at the 
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20-cycle of PCR. The amplified PCR products at the 20 cycles 
of PCR were subjected to electrophoresis on a 1.8% agarose gels. 
The ratio indicates the ratios of the viral RNAs. The amount 
of the on Al-Zn alloy-coated steel sheet for 45 min was 
calculated as 1.   
Fig.5 Detection of hydroxyl radicals generated by TiOₓ/SiO2 
catalyst  
The generation of hydroxyl radical species was monitored 
by electron spin resonance (ESR) spectroscopy using the     
spin-trapping spectroscopy technique with DMPO as the trapping 
agent.  
Fig.6 Antiviral activity of non-photocatalytic TiOₓ/SiO2 
catalyst on non-woven cotton against human influenza virus 
Human influenza virus (H3N2, A/Philippine/2/82) was 
incubated on the non-woven cotton, with or without TiOₓ/SiO2 
catalyst. The titers of recovered viruses were determined by 
HA assay 5, 10, 30 min or 1 h after the exposure to the materials. 
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   The mean values of the titers of triplicated experiments are 
shown. Error bans indicate the standard errors. 
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1. はじめに 
二酸チタン(TiO2)による光触媒作用は汚れ分解，脱臭、抗微生
物作用など現在様々な分野に応用されている。TiO2の結晶構造型
にはアナターゼ、ルチル、ブルッカイトの三種類がある。これら
の結晶型の違いによる光触媒活性の違いについては、一般的には
アナターゼが最も優れていると考えられ、広く使用されている。
二酸化チタン（TiO2）は光触媒として認知されており，400 nm以
下の紫外線（3.2 eV以上のエネルギー）を照射することで活性酸
素種を生成することが明らかにされている．TiO2の価電子帯の電
子が紫外線で伝導帯に励起されると，還元力の強い電子と非常に
酸化力の強い正孔が生成する．これらの電子と正孔から生成する
種々の活性酸素種は非常に強い酸化力を示し，ウイルスや細菌な
どに対して分解作用を示すために，微生物の除去などに対しても
応用が試みられている．ウイルス除去資材開発を目的として、光
触媒である二酸化チタンを用いたチタニウム/シリカ新触媒を付
着した金属フィルム及び不織布を開発し、この新触の抗ウイルス
活性を検討することを目的とした。 
2.結果 
1)二酸化チタン/シリカ新触媒の形態学の特徴 
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走査電子顕微鏡により、二酸化チタン/シリカ新触媒の表面は 20nm
前後の粒子がクラスター状に塊を成し、深い溝を持つクラックが生
成されていた。 
2)新触媒の抗ウイルス活性 
この新触媒の抗ウイルス活性はエンベロープを持つ RNA ウイル
スのシンドビスウイルスに対する不活化能により検討した。新触媒
を固着した金属板に対して、UV-A 紫外線照射を 0, 5, 10, 20, 40
及び 60 分間を行った。その結果、新触媒より、5 分間で 90%のウイ
ルスを不活化した。しかしながら、予想に反し、UV-A 照射を行わな
かった新触媒にも同等のウイルス不活化作用が認められた。從って、
新触媒の抗ウイルス活性は紫外線非依存性であることが明らかにな
った。 
3) 新触媒量と抗ウイルス活性 
新触媒の無光下での抗ウイルス活性を確認するため、抗ウイル
ス活性の用量依存性を検討した。30 秒、5,10,15,45 分間の処理を行
ったところ、抗ウイルス活性が触媒量に依存して増加することを確
認した。 
4)新触媒の抗ウイルス作用のメカニズム 
ウイルスを新触媒で 45 分間処理した後、ウイルスエンベロープタン
パク質量をウェスタンブロットにより定量した結果、ウイルスエン
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ベロープ蛋白質は新触媒処理により約 90%が吸着もしくは崩壊して
いると考えられた。更に、ウイルス RNA 量を RT-PCR 法により確認し
たところ、新触媒によりウイルス RNA の約 40%が吸着もしくは崩壊し
ていると考えられた。以上の結果より、新触媒によるウイルスの不
活化は、ウイルスエンベロープ蛋白質の崩壊もしくはウイルス粒子
の吸着によるものと推測された。 
5)二酸化チタン/シリカ新触媒によるヒドロキシラジカルの生成 
新触媒が無光下で水との接触によりヒドロキシラジカルを発生
している可能性を確認するために、スピントラップ法により活性酸
素の発生の確認を行った。DMPO をスピントラップ剤として ESR によ
り確認したところ新触媒が水と反応することによりヒドロキシラジ
カルが発生することが確認された。 
6) 新触媒（TiOx/SiO2)固着不織布の抗ウイルス作用 
この新触媒をマスクに応用することと想定して、新触媒固着し
た不織布の抗ウイルス作用の検討を行った。 
  新触媒を固着した不織布及コントロールにインフルエンザウイ
ルス液を滴下し、その後、37℃で 5, 10, 30 及び 60 分間の処理を行
った。その結果、不織布に固着した新触媒も抗ウイルス活性を有す
ることが明らかになった。 
3.結論 
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本研究では、チタニウムとシリカから成る新触媒を金属、不織
布に固着させ、その抗ウイルス活性を検討することを目的とした。
UV-A 照射した新触媒と UV-A 非照射の触媒処理が同等のウイルス不
活化能を持つことから、本研究により、無我々が開発したチタニウ
ムとシリカから成る新触媒は、無光下で抗ウイルス活性を持つこと
が明らかになった。 
 
 
 
